Summary Barley yellow dwarf virus (BYDV) is the most serious viral disease affecting wheat and genes for BYDV resistance have not been found in wheat. BYDV-resistant alien addition and alien substitution lines produced from a wheat X Thinopyrum intermedium (species of Agropyron complex) cross were characterized. Chromosome pairing in the hybrids between two substitution lines showed that they had the same Th. intermedium chromosome. Likewise, two addition lines involved the same alien chromosome. In situ hybridization of chromosomes, confirmed that line P29 is a disomic substitution line. Double monosomic seeds and self-pollinated seeds from monosomic addition plants were irradiated to induce translocations between wheat and Th. intermedium chromosomes. Putative translocations were selected on the basis of BYDV resistance and studied by chromosome analysis, Southern hybridization using Thinopyrum specific probe and RFLP markers. A BYDV-resistant translocation was identified.
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Barley yellow dwarf virus (BYDV) is a serious disease of wheat (Triticum aestivum, 2n=6x=42, AABBDD). Resistance genes have not been found in wheat or other Triticum species (Comeau and Plourde 1987 , Conti et al. 1990 , Zhong et al. 1994 , Sharma et al. 1997 Alien addition lines have been used to transfer Thinopyrum chromosome segments into wheat by radiation (Driscoll and Jensen 1963, Sharma and Knott 1966) . Sears (1993) suggested that monosomic alien substitution lines (double monosomics) should be preferred, and Kimber (1971) suggested irradiation of selfed seed from monosomic alien addition lines if substitution lines are not available. Apart from classical chromosomal analysis, more recently, molecular methods have been useful to augment the identification of chromosome addition, substitution and translocation lines (Fedak 1998 ).
This paper is on the cytological and molecular characterization of the above substitution and addition lines, and potential translocations developed from them by irradiating monosomic alien substitution seed and selfed seed from monosomic alien additions.
Materials and methods
The substitution line, P29, was crossed to substitution line P12 and chromosome pairing be- the short arm segment of Th. intermedium chromosome (homoeologous to short arm of 7D) was absent in PTLs 629 and 632 but present in others (Fig. 5a ). When these 15 PTLs were digested with BamHI and probed with PSR311, the alien chromosome segment was absent in PTLs 629 and 633 but present in the rest (Fig. 5b) . These results indicated that with the exception of 629, 632 and 633, the remaining PTLs analyzed might be substitutions or long translocations. PTLs 629 and 633 were susceptible while 632 was resistant to BYDV. Thus, we were able to isolate a BYDV-resistant translocation 632 from irradiation of monosomic substitution version of P29.
Other researchers have also introgressed and characterized BYDV resistance from Th. intermedium into wheat as group 7 chromosomes or their segments using L1 addition line (Mujeeb-Kazi et al. 1994 , Banks et al. 1995 , Hohmann et al. 1996 . Addition line L 1 developed by Cauderon et al. (1973) involves wheat cultivars and Th. intermedium accession different from our Purdue University lines. L 1 and P29 both contain a Th. intermedium group 7 chromosome (Banks et al. 1995 , Sharma et al. 1995 , Hohmann et al. 1996 , Zhang et al. 1996 . Dot blot hybridization showed that probe pAW161, which specifically hybridizes to the long arm telomere of Th. intermedium chromosome in P29 (Francki et al. 1997) , hybridized to P29 genomic DNA but not to wheat or L1 genomic DNA (Anderson et al. 1998 ). This supports our conclusion based on RFLP analysis (Sharma et al. 1995) and unpublished data on chromosome pairing in hybrids between L1 and Purdue University P lines that the wheatgrass chromosome in L 1 is a different group 7 chromosome from that in P29 and other related P lines. According to Zhang et al. (1996) , the wheatgrass chromosome in L 1 is from the St genome with some E genome DNA. Although this suggests the possibility of rearrangements between homoeologous chromosomes of different genomes of Th. intermedium, the results of the study by Sharma et al. (1995) and Anderson et al. (1998) suggest that the wheatgrass chromo- some in P29 is most likely from one of the E genomes. Among the L 1-derived translocations, Hohmann et al. (1996) found that line TC14 had the smallest Th. intermedium segment. In the present study we used only one marker per chromosome arm. Thus it does not show the size of translocation in 632. Comparison of a large number of deletions/translocations, inlcuding 632, using FISH and several group 7 markers locating BYDV resistance is being published in a follow-up paper (Crasta et al., submitted) .
